The emergence of big data analytics capability (BDAC) and the development of service innovation have aroused the interest of scholars and practitioners in exploring the mechanism of BDACservice innovation value chain from the inside. The current study adopts the dynamic capabilities view to examine the effects of the different types of BDAC on service innovation. Our findings from a survey of 175 organizations in China provide empirical evidence of two positive effects of big data analytics technical capabilities (BDAT) and big data analytics personnel capabilities (BDAP) on service innovation via dynamic capabilities. Furthermore, this study illuminates the significant and different quasi-moderating roles of digital platform capabilities. Such capabilities positively enhance dynamic capabilities and strengthen the effects of BDAT on dynamic capabilities but weaken the effects of BDAP on dynamic capabilities. Introduced environmental dynamism aims to examine how the influence of environmental factors negatively moderates the relationship between dynamic capabilities and service innovation. Our study offers theoretical and practical contributions.
I. INTRODUCTION
The relationship between big data analytics (BDA) and service innovation is gradually becoming a pivotal issue for service practice and research. BDA is regarded not only as a new engine for economic growth and firm development [1] , [2] but also as an important academic area in the border field of digital innovation [3] . Nowadays, BDA technology is attracting considerable attention in the service-dominant logic, 75% of firms and 91% of Fortune 1000 firms have been investing in big data and related projects [4] , [5] , and its approbated value is expected to support additional service innovation [6] - [8] . However, not all firms that apply BDA can gain the success of service innovation. Most big data investments or projects The associate editor coordinating the review of this manuscript and approving it for publication was Davide Aloini.
have not acquired benefits because of the failure to take proper actions to react to the opportunities of extracting value from data [9] . Moreover, many firms still struggle with the dilemma of the shift to service orientation and digital transformation [10] . The rapid development of digital technology has engendered opportunities for service innovation, and harnessing quality data to design and deliver state-of-theart services will enable novel business models [11] , [12] , but the role of digital platforms in the whole BDA value chain is lacking [13] . Therefore, the internal mechanisms of how BDA performs within digital platforms must be identified to generate valuable service innovations.
In consistent with Mikalef [9] , the current study views big data analytics capabilities (BDAC) as the firm's competence to utilize data management, infrastructure, and talent to create competitive advantages and tries to fill several gaps in the literature. First, prior studies provide evidence of the positive effects of BDAC on performance and innovation [12] , [14] - [16] , but few scholars have attempted to discover the inner mechanism. The manner by which different types of BDAC affect service innovation remains unknown. On the basis of the resource-based view, different types of resources may lead to distinctly varied outcomes. Dynamic capabilities view notes the necessity for an organization to steer various types of operational capabilities to adapt to the external environment [17] . Thus, the need for highlighting the influence of different types of BDAC should be in line with these significant theories. Moreover, the different types of BDACbig data analytics technical capabilities (BDAT) and big data analytics personnel capabilities (BDAP)-have many different characteristics that may lead to various effects on service innovation. Though many firms jumping on the bandwagon of big data and BDA, the unclear issues, such as unfocused input, could result in the misunderstanding or hype around BDA [18] , the pressure burden on BDA application [15] , and the low yield of big data investment portfolio [19] . The undesirable aftermath will severely hamper firm growth and the development of related theories. Thus, this article aims to bridge this gap by examining the relationships between BDAT/BDAP and service innovation.
Second, existing studies suggest that the direct driving role of information technology (IT) capabilities on performance may diminish due to the absence of an intermediate mechanism [20] . Therefore, a specific perspective must be urgently drawn to investigate the linkage bridging BDAC and service innovation. Although technology-push innovation (e.g., BDAC-push service innovation) can generate excellent outcomes, firms have to endure long and complicated development processes and stages [21] . The BDAC value chain may be excessively long that its positive effect is no longer evident or even diminishes in value delivery, which may result in service failure. Specifically, BDAT and BDAP are insufficient for firms to improve their performance automatically and directly [22] . Scholars have stated that the dynamic capabilities view, which emphasizes the integration of operational capabilities, can reasonably redeploy BDAP and BDAT to produce service innovation [17] . Furthermore, whether the effects of different types of BDAC on service innovation are mediated by dynamic capabilities remains untapped in prior literature, and only a few studies have provided empirical results [20] , [23] . Therefore, the present work adopts the dynamic capabilities view to address these significant issues and bridge the literature gap by studying the effects of BDAT and BDAP on service innovation.
Third, although service innovation is undergoing shifts in service logic and driving engine and is becoming increasingly digital technology-enabled [24] , the role of digital platform capabilities in the BDA-innovation value chain remains unexplored. Several firms fail to extract value from BDA to support service innovation because of deficiencies in digital platform building. For instance, remote specialists, whose expertise knowledge could be regarded as BDAP, cannot promptly offer and transmit consult reports (analysis solution) without a tele-picture archiving communication system, a customized digital platform with high performance (in place of an old system with low efficiency), thereby decreasing the value of the target service [25] . Furthermore, firms eager for rapid development should focus on their customers' real preferences and demands instead of becoming overdependent on big data market analytics because digital technology and BDAC are insufficient to be the center of service innovation [21] . Thus, the value of a digital platform that identifies customer demands in real-time is embodied in value/insight extraction, but the dearth of generic digital platforms remains a problem [26] .
Fourth, the boundary effect of environmental dynamism on the dynamic capabilities-service innovation linkage remains unclear. The nature of the view of dynamic capabilities and the limits of the resource-based view call for considering exogenous variables and their effects [27] , such as environmental dynamism, which is a key situational parameter that should be underscored in the dynamic capabilities view in business practice [3] . Ignorance of environmental dynamism could collapse the service innovation mechanism, given that the innovation may be unlikely to succeed in a highly dynamic or turbulent external environment [3] . Moreover, theoretical debates and even contradictory conclusions exist about whether dynamic capabilities are valuable and effective only in turbulent environments [28] . Few articles have been published on the external factors in the BDAC value chain and introduced environmental dynamism to examine its moderating role in the big data environment. Therefore, the current study intends to address this gap by exploring how environmental dynamism influences the relationship between dynamic capabilities and service innovation.
This research aims to investigate the specific inner mechanism between BDAC and service innovation by addressing the following research questions: 1) How do interactions between BDAC and digital platform capabilities affect service innovation via dynamic capabilities?
2) What is the role of environmental dynamism in this mechanism?
II. THEORETICAL BACKGROUND A. BDAC AND SERVICE INNOVATION
On the basis of the service-dominant logic, service innovation is a rebundling of existing resources to create novel, beneficial resources [8] , [11] , and it aims to improve existing services and create new value propositions or service systems during resource (e.g., information, knowledge, skills) delivery [1] , [6] . Customers participate in the value cocreating mechanism by approving propositions during these processes [29] . Service innovation covers a large number of digital technology-enabled and process-oriented materials [24] . Digital technology plays a significant role in service innovation not only by enabling resource allocation, new resource introduction, and access to resources required for service exchange [11] but also by allowing firms to understand customer behaviors deeply and commercialize service innovations [30] . Scholars believe that the huge volumes of data and information relevant to customers are key sources to general innovation and create tremendous opportunities for service innovation [31] , [32] . Moreover, the integration between data and BDA may create novel ways for supporting customer-oriented service innovation [6] , [11] . Firms with BDA applications allow abundant and accurate ways of gathering, processing, and analyzing large amounts of trace data from different sources to identify potential customers' needs that can be induced and transformed into ultimate customer purchase behaviors [6] .
However, BDA is limited in shaping high levels of capabilities because of difficulties in unstructured data-processing and business value extraction [15] , [19] . The concept of BDAC, which refers to the ability to provide business insights in the big data environment by using BDAP, BDAT, and BDA management capabilities, has been proposed [14] . Most studies focus on the effect of BDAC on firm performance or innovativeness and confirm the positive effect via anecdotal evidence or case studies [14] , [16] , [23] , [33] , but the literature focus on specific innovativeness outcomes, such as service innovation, has not been discussed deeply, and the internal mechanism remains unknown [6] . These problems continue to perplex firm executives, decrease investment returns on BDA projects, and hinder BDAC development. Moreover, previous studies generally adopt a holistic perspective and regard BDAC as a second-order construct. Exploring the effect of specific types of BDAC on service innovation seems necessary to understand how BDAC contributes to superior innovation. Table 1 demonstrates the effects of BDA on performance or innovation in previous studies, showing that the research on the mechanism between BDAC and service innovation remains limited.
In line with the prior research classification of firm resources [34] , we use two dimensions of BDAC, namely, BDAT (physical capital: technology resource) and BDAP (human capital: human resource), to conduct further study. BDAP refers to an analyst's ability to perform assigned tasks in the big data environment, which consists of managerial skills (including business and relational knowledge) and technical skills (including technical and technology management knowledge) [6] , [14] . BDAT refers to the flexibility of the BDA infrastructure, which includes the connectivity, compatibility, and modularity within or among differently sourced data and infrastructures [14] . BDAP and BDAT have varied characteristics. Compared with BDAP, BDAT is the only inherent physical feature of the BDA infrastructure that has a certain degree of stability, and it is a tangible resource with ready availability for firms [16] . BDAP is the innate nature of personnel knowledge with human uncertainty and complexity, which have no clear and visible boundaries, similar to intangible resources, and it is rare and insufficient for firms in general [16] , [35] . In addition, BDAP may become increasingly complex in the value-creating process; for instance, the effectiveness and efficiency of personnel knowledge may be affected by the external atmosphere, internal experience, and mood. Therefore, the effect of BDAT and BDAP on service innovation is worth studying separately. Furthermore, resource and operational abilities cannot directly create value, and the dynamic capabilities view can properly bridge the BDAC value chain and service innovation. The interplay of BDAP or BDAT and other digital capabilities also remains untapped; for instance, the dearth of digital platform capabilities may be another significant internal factor in the failure of BDAC building.
B. DYNAMIC CAPABILITIES
Dynamic capabilities refer to an organization's ability to integrate, build, and reconfigure internal and external competences to address rapidly changing environments [41] . Scholars regard dynamic capabilities as a bridge to link BDAC and firm-level outcomes and to offer a valuable explanation of BDAC's influence on innovation [20] , [23] . As the extension of the resource-based view, the dynamic capabilities view emphasizes purposeful modification not only on tangible and intangible resources but also on operational capabilities [17] , [42] . In particular, operational capabilities refer to the competence to execute and coordinate assigned tasks for performing operational activities [17] . In this view, BDAP and BDAT can be regarded as a firm's operational capabilities governed by dynamic capabilities to derive service innovation. However, a resource base and operational capabilities cannot provide value extraction alone [43] . Thus, the current study aims to integrate BDAT and BDAP into a dynamic capabilities framework to improve service innovation effectively. Prior literature notes that BDAC is the antecedent of dynamic capabilities, but only a few studies have explored the specific types of BDAC and discussed the effect of digital platform capabilities [20] , [44] , [45] . Furthermore, BDAC has been confirmed as the valuation of firm performance and innovation improvement generally by dynamic capabilities [20] , [23] , [40] . Tracking the indirect relationship between BDAP/BDAT and service innovation via dynamic capabilities seems necessary to clear the BDAC value chain and disclose its inner mechanism.
C. DIGITAL PLATFORM CAPABILITIES
Digital platform capabilities refer to the competence to collect customer information and acquire user-generated content from digital channels, which offer standards, connectivity, rules, and IT competence to coordinate customer big data production, search, and delivery [13] , [44] . Specifically, such capabilities include two types of platform: one for connecting to customers to collect customer experience, opinion, and derived knowledge and another for connecting to businesses to learn information from institutions around customers and conducting marketing activities directly to targeted customer groups [4] . Digital platform capabilities are vital for firm performance and innovation as an essential resource for survival in the digital era; these capabilities offer opportunities for new service, technology development, and increased processing capability with low cost [45] , [46] .
In the context of big data, digital platforms enable firms to develop complementary technologies and services. For example, user participation is an effective way for organizations to mitigate innovation challenges, but they must face the problems of high costs and uncertainty of customer acceptance; the connectivity of internal technical platforms can resolve these issues by improving the effectiveness of identifying opportunities of service innovation [10] . Although digital platforms are permeating mainstream information systems (IS) research and are viewed as a critical study area for future studies related to organization innovation, the evidence of its specific role, such as its direct or indirect effects, or its moderating role is unclear [13] , [44] , [45] . The interaction between BDA and digital platforms may trigger innovation. For instance, firms can perform a real-time perception of customer sentiment and then provide demand-oriented service with the efficient utilization of BDA resource and third-party digital social media platforms, such as Twitter and Facebook [47] . BDAC is different from digital platform capabilities; the former highlights fundamental connectivity and high-level bridges, whereas the latter emphasizes a firm's inherent analysis function. Digital platform capabilities may also produce different effects when interacting with BDAP and BDAT, which have different natures [16] . However, to date, few studies have discussed the relationship between platform generativity and big data in the context of service innovation, and the interaction among various antecedents of dynamic capabilities calls for research [45] . Accordingly, the current study adopts a holistic approach to fill these gaps by investigating the effects of digital platform capabilities and the interaction between BDAT and BDAP on dynamic capabilities.
D. ENVIRONMENTAL DYNAMISM
Environmental dynamism refers to environmental volatility (rate and amount of change) and unpredictability (uncertainty of change) [48] . An ongoing core debate exists on whether dynamic capabilities are valuable only in dynamic environments [49] . On the one hand, scholars argue that dynamic capabilities contribute value in relatively stable environments when facing threats and opportunities [41] . On the other hand, dynamic capabilities are meaningless in stable and moderately stable environments and they may even harm firm performance [28] . Environmental dynamism has been introduced as a boundary condition to investigate the role of dynamic capabilities in the firm outcome on the basis of the dynamic capabilities view to clarify this issue. First, the interaction is insignificant to a competitive edge; that is, dynamic capabilities are not effective in the Chinese business atmosphere [50] . In addition, dynamic capabilities cannot directly influence market performance regardless of whether the level of environmental dynamism is high or low [51] . Second, environmental dynamism positively moderates the effect of dynamic capabilities strategy on new venture performance [52] . Finally, a complex nonlinear effect is emerging in an increasing number of studies. Dynamic capabilities can produce a marked effect in relatively stable and highly dynamic environments (U-shaped) [42] , and the dynamic capabilitiesperformance relationship shows the strongest positive correlation when environmental dynamism stays at a medium level (reverse U-shaped) [48] . In our research, dynamic capabilities in an environment with various degrees of dynamism may lead to different outcomes. Therefore, the moderating role of environmental dynamism in the relationship between dynamic capabilities and service innovation should be clarified.
III. HYPOTHESIS DEVELOPMENT
This study proposes that BDAC, namely, BDAP and BDAT, has significant effects on service innovation by dynamic capabilities. Digital platform capabilities are an antecedent of dynamic capabilities and are introduced as a quasi-moderator of the relationship between BDAP/BDAT and dynamic capabilities. Furthermore, environmental dynamism acts as a moderator of the relationship between dynamic capabilities and service innovation. Fig. 1 presents the hypotheses and research model.
A. EFFECT OF BDAP AND BDAT ON DYNAMIC CAPABILITIES
Current literature highlights the facilitating effect of the existing resource base and operational capabilities on dynamic capabilities [17] . In line with dynamic capabilities view, resources and capabilities are antecedents of dynamic capabilities and dynamic capabilities can govern the changes in ordinary capabilities [53] . Scholars also emphasize that companies are leveraging BDA to utilize the knowledge generated from massive data in order to guide and improve the sensing, seizing and transforming ability of organizations [15] , [20] , [23] , [40] . Thus, BDAT and BDAP, as the resource and capabilities of BDA, may positively influence dynamic capabilities.
BDAP refers to the technical and managerial skills of BDA human resources and it can be viewed as a firm's mobile information base or knowledge set [14] , [16] . Scholars note that firms must combine endogenous and exogenous knowledge to acquire dynamic capabilities [54] . Therefore, knowledge processes could be regarded as an antecedent of successful dynamic capabilities and BDAP may be helpful in the creation of dynamic capabilities [20] , [54] . Specifi-cally, BDAP enables analysts or decision-makers to choose the proper data sources and processing tool effectively, further promoting agile operations on the three dimensions of dynamic capabilities. The knowledge and skills relevant to managerial aspects, enables firms to sense external opportunities accurately, generate the customer profile clearly, and accelerate the business process transforming efficiently [27] . Thus, we propose that: H1: BDAP positively affects dynamic capabilities. Furthermore, IT infrastructure flexibility allows firms to improve their sensing and responding performance by enhancing their capabilities, such as those of detecting, processing, and communicating [55] , [56] . In this view, BDAT provides firms opportunities to apply their knowledge in addressing changing business conditions with analysis results and optimal decisions and choices, thus improving dynamic capabilities. For example, a firm can utilize a flexibility analytics infrastructure to recognize potential needs by drawing and visualizing customer data derived from diverse sources, such as digital platforms, of which they may sometimes not be aware [6] . Scholars propose that BDAT initially improves the customer sentiment analysis and non-customer potential needs (sensing), then drives the dynamic resource allocation and decision-making processes (seizing), and finally, the marketing approaches transforming (transforming) [33] , [55] . Therefore, we propose that:
H2: BDAT positively affects dynamic capabilities.
B. QUASI-MODERATING ROLE OF DIGITAL PLATFORM CAPABILITIES
Digital platform capabilities provide the proper conditions for dynamic capabilities development; it offers the generation of digital information and collective wisdom, such as the experience, opinion, and knowledge among members, including individual customers or organizations, in digital platform ecosystems [4] , and information is the basis or resource needed for quick response and timely decision-making capabilities. Digital platforms enable firms to recognize changes rapidly in the external environment and respond quickly to changing customer requirements and increased processing capabilities with low cost [45] , [46] . For instance, Volvo Cars meet the demand to develop new decision-making capabilities by building a digital platform that collects external ideas from external developers, end-users, and public authorities [3] . Thus, we propose the following: H3: Digital platform capabilities positively affect dynamic capabilities.
Scholars propose that the interaction between digital platforms and enterprise system platforms can trigger firm innovation, which shows the potential moderating role of digital platform capabilities [45] . For example, with a digital interactive platform, Apple Watch Nike Plus utilizes data analysis to offer a novel co-creating running course [57] . The digital platform allows personnel to interact with customers, provides additional support (e.g., customer profiling), and creates a harmonious atmosphere wherein the skill sets, experience and given support jointly operate on innovative service offers [6] . Nevertheless, when a firm's digital platform capabilities rise to a high level, the contribution of BDAP to dynamic capabilities may diminish. Given the striking characteristics of the ease of connectivity to other technologies, a large amount of data or information and autoanalysis needed for a few specialized skills may minimize the necessity of human resources for market change-sensing [45] . Moreover, the introduction of digital platforms may change the way people think or work and fail to initiate synergies with people [58] , [59] . Consequently, any established strategy or plan may encounter implementation problems because of the intimidating nature of collaboration. Meanwhile, abundant and complicated data may confuse personnel and result in difficulties in leveraging their knowledge and skill to discover truths and relationships among things [3] . When digital platform capabilities are at a low level, personnel have to rely on their current knowledge and skills to recognize changes, make decisions, and implement plans. The effect of BDAP on dynamic capabilities is therefore intensified. Thus, we propose the following:
H4a: Digital platform capabilities negatively moderate the relationship between BDAP and dynamic capabilities.
When digital platform capabilities rise to a high level (large amounts of data need to be processed rapidly), BDAT becomes particularly valuable, because it can ensure smooth data processing, decrease the possibility of interruption, and guarantee the timely improvement of dynamic capabilities. For example, an infrastructure with excellent compatibility can enable Amazon to improve collaboration, application development, and rapid analysis to address changing needs even when encountering massive data [60] . With good connectivity, firms can combine structured and unstructured data from various functions and platforms to explore customer characteristics deeply among transactions and then recognize potential needs [61] . Furthermore, BDAT not only provides human service actors with new opportunities to deploy existing resources rapidly but also fundamentally revamps practices for highly individualized customer needs. For example, a telecommunications company in Austria operates a flexible analytics infrastructure to collect and analyze customer behavior and interaction data on an advanced digital platform-an e-bank portal-to offer tailored content on user interfaces in a timely manner [6] . When digital platform capabilities are at a low level, BDAT cannot completely reflect its value because the BDA infrastructure is not operating at full or high capability. Thus, we propose the following:
H4b: Digital platform capabilities positively moderate the relationship between BDAT and dynamic capabilities.
C. EFFECT OF DYNAMIC CAPABILITIES ON SERVICE INNOVATION
Several scholars state that dynamic capabilities have the power to originate innovative behavior and innovation performance [62] . Innovative service delivery is a dynamic process that requires firms to adapt to evolving customer needs, and dynamic capabilities can provide firms with opportunities to evolve customer demands and market trends by adapting resources [10] , [63] . The success of service innovation depends on specific dynamic capabilities, given that the identification and exploration of service innovation opportunities require firms to build new capabilities in rapidly changing business environments [64] . Firms with excellent dynamic capabilities can react effectively and decide promptly and accurately in ever-changing environments [2] . Existing literature also verifies this relationship; dynamic relational capabilities enable components of service innovation [65] . In healthcare, dynamic capabilities are the key to the development of the service innovation concept [66] . Thus, we propose the following:
H5: Dynamic capabilities positively affect service innovation.
D. MODERATING ROLE OF ENVIRONMENTAL DYNAMISM
The interaction between internal mechanisms and external environmental variables may moderate the processes within firms [67] . Firms are required to have the ability to capture effective customer/market information, analyze data collected from stakeholders in a dynamic environment, and convey updated information within firms quickly [38] , [68] , [69] . Dynamic capabilities can produce a marked effect on firm outcome by following a predictable and linear path in moderate environmental dynamism [17] . However, changes are usually nonlinear and unpredictable in markets [48] . A turbulent external environment may destroy a firm's critical capabilities and reduce the value of its dynamic capabilities [70] . In addition, changes that occur simultaneously and rapidly in an environment with a high level of dynamism may neutralize or render obsolete any generated benefits [27] , and firms cannot readily conduct service innovation. The literature also shows the negative moderating role of environmental dynamism in the relationship between BDA use and asset productivity [38] . Thus, we propose the following:
H6: Environmental dynamism negatively moderates the relationship between dynamic capabilities and service innovation.
IV. RESEARCH DESIGN A. CONSTRUCT MEASUREMENT
All constructs' measurement items, which were measured as reflective, were adopted from previous studies. Our questionnaire adopted a seven-point Likert scale with options ranging from 1 (''strongly disagree'') to 7 (''strongly agree'') to measure all variables, which included BDAP, BDAT, service innovation, dynamic capabilities, digital platform capabilities, and environmental dynamism. According to prior literature, industry, ownership, firm age, and firm size may influence service innovation and dynamic capabilities to different degrees. Thus, we included these variables as control variables in our model (Appendix F). The questionnaire was developed as follows: First, an English-language questionnaire was developed and then translated into a Chinese version by a team of three researchers from different fields [67] . Two team members are English majors and have a professional translation certificate and a professional English graded certificate. A professional translator (not part of the team) translated the current version back to the English version, and no semantic discrepancies were identified between the two versions. Second, a presurvey was conducted to assess and refine the questionnaire preliminarily. Twenty-three MBA students from various industries were selected as the sample. We submitted the translated questionnaire to these students for additional feedback. Then, an interview was conducted after this pre-survey to collect their opinions. The questionnaire was then adjusted accordingly to meet the required reliability and validity. We made several modifications, such as the rearranging of the questions, the changing of the questionnaire format, and the deletion of some items. No improper elements remained in our questionnaire after these manipulations. Finally, the second version of the questionnaire was created in paper and digital forms to perform the following steps. Fig. 2 represents the research methodology used in current research:
B. SAMPLING AND DATA COLLECTION
We conducted a questionnaire survey to test the proposed hypotheses in China. This country is an important global manufacturing base [71] and a large digital market wherein firms actively engage for value-creating from big data [71] , [72] . Furthermore, the wealth of data generated in China attracts researchers and practitioners. Thus, the data are representative for firm BDAC in China and the corresponding results are suitable not only for China but also for other countries [20] . With the help of government authorities in Big Data Industrial League and Big Data National Engineering Laboratory in China, we generated a contact list of 400 corporations. First, we made phone calls to get the permission of firms' owners or senior managers to participate in our research. Then we visited their companies and ask them to fill out the paper questionnaires. During this period, we collected 189 paper questionnaires. Second, we sent emails to the rest of the companies on our list with digital questionnaires attached. Another 110 digital questionnaires are collected. However, 124 questionnaires which didn't meet the requirement of our research were strictly deleted. Finally, we collected 175 valid questionnaires with a response rate of 43.8%. Table 2 shows the demographic characteristics of the respondents and their firms. We tested the normality of each scale item. The result showed the absolute values of skewness and kurtosis were all less than 1, indicating that all variables are normally distributed. Then, we conducted an independent-sample T-test to check for differences in the variables between the paper and digital questionnaires. The data show the following: BDAT (p = 0.63, t = −1.77), BDAP (p = 0.43, t = −0.89), digital platform capabilities (p = 0.47, t = −1.20), dynamic capabilities (p = 0.92, t = −1.78), environmental dynamism (p = 0.64, t = −1.94), and service innovation (p = 0.22, t = −3.03). These results indicate that no significant difference exists between most of the core variables collected by the two channels. As the digital questionnaire represents the late wave in our survey, there is also no significant difference between early and late responses. Thus, non-response bias is not a threat to this study. In addition, we statistically checked the severity and potential influence of common method bias (CMB) through partial least squares (PLS) [73] , [74] . The results (Appendix C) show that most method factor loadings are insignificant; the average that substantively explains the variance of the indicators is 0.662; the average method-based variance is 0.024 (an approximate ratio of 28.2:1). Thus, CMB is not a serious problem for this study.
V. RESULT A. MEASUREMENT MODE
The hierarchical research models were proposed as follow: the BDAP, BDAT, SI (service innovation), DC (dynamic capabilities), ED (environmental dynamism), DPC (digital platform capabilities), C1 (Industry), C2 (Ownership), C3 (Firm Age), C4 (Firm Size), C5 (Turnover), β (path coefficient), ε (error).
1) MAIN EFFECT TEST
Model 5 was conducted to estimate the effects of five control variables on service innovation. The effects of BDAP and BDAT on service innovation were evaluated in model 7. 
2) MEDIATING ROLE TEST
Model 1 was conducted to estimate the effects of five control variables on dynamic capabilities. In model 2, we added the BDAP and BDAT to evaluate their influence on dynamic capabilities. And in model 8, we added the dynamic capabilities to evaluate its effect on service innovation. 
3) MODERATING ROLE TEST
In model 6, we estimated the effect of an interaction term between environmental dynamism and dynamic capabilities on service innovation. Model 9 estimates the direct effect of environmental dynamism on service innovation. Model 10 also estimates the interaction terms between environmental dynamism and dynamic capabilities on service innovation under the addition of BDAP and BDAT.
The hierarchical research model in this study was estimated by PLS to improve the suitability and overcome the limits of multivariate normality, sample size, and model complexity, among others [75] . Thus, we used Smart PLS to estimate the related indicators of our research model. We perform higherorder confirmatory factor analysis to verify the convergent validity and the first-order hierarchical model of each construct because BDAP, BDAT, and dynamic capabilities are second-order hierarchical models. Appendix A presents the factor loadings, Cronbach's α, composite reliability (CR), and average variance extracted (AVE). The calculated results indicate that all item loadings exceed the threshold of 0.70 [76] at p < 0.01. The unidimensionality is supported by the high average of the item loadings (i.e., loadings > 0.808, p < 0.01) [77] . Each construct's Cronbach's α and CR exceed 0.70 [78] . The AVE for all constructs is greater than 0.50 and the lowest value is 0.644 [76] . Appendix B shows the crossloading results. All items' cross-loading exceeds 0.707 [78] , and the lowest value is 0.716. The difference between each item's loadings with its primary construct and those with other constructs exceeds 0.1 [79] . The square root of AVE for all constructs is greater than variable correlations [76] , [77] . We also conducted the Heterotrait-Monotrait (HTMT) Ratio test of the first-order factors to assess the discriminant validity. Appendix E represents these results. The majority of our HTMT ratios of all first-order constructs are lower than 0.85. The exceptions are the ratios of pairs of the same secondorder construct are above 0.85 but still below the threshold value 0.9. We conducted collinearity diagnostics to evaluate multicollinearity. The highest variance inflation factor (VIF) value is 3.918, which falls below the acceptable common cutoff value of 5 [14] , [20] . Therefore, multicollinearity is not a problem for this study. These results demonstrate not only the good discriminant and convergent validity but also the good measurement properties of our research model.
B. HYPOTHESIS TESTING
A hierarchical regression analysis was developed to examine the hypotheses in this study (Table 3 ). In model 1, four control variables-industry, ownership, firm age, and firm sizedo not significantly affect dynamic capabilities. The data of model 2 show that BDAP and BDAT have significant and positive influences on dynamic capabilities (β = 0.548, p < 0.01; β = 0.319, p < 0.01, respectively). The explained variance in dynamic capabilities is 67.6%, f 2 = 0.669, and F = 111.723; the explanatory power is significant. Therefore, H1 and H2 are supported. Model 3 indicates that the direct effect of digital platform capabilities on dynamic capabilities is significant and positive (β = 0.168, p < 0.05), and the explanatory power is significant (R 2 = 0.686, f 2 = 0.031, F = 5.146). In model 4, the interaction terms of BDAP and digital platform capabilities are negative and significant (β = −0.126, p < 0.01), whereas the interaction terms between BDAT and digital platform capabilities are positive and significant (β = 0.057, p < 0.05). The explanatory power is also significant (R 2 = 0.741, f 2 = 0.175, F = 28.7). Fig. 3 and 4 display the analysis of simple slope for each interaction terms on dynamic capabilities. When the level of digital platform capabilities is high, a high level of BDAP will yield low dynamic capabilities while high BDAT results in high dynamic capabilities. H3, H4a, and H4b are hence supported. In model 5, four control variables have no effects on service innovation. In model 7, BDAP (β = 0.388, p < 0.01) and BDAT (β = 0.296, p < 0.01) have positive and significant effects on service innovation. In model 8, the influence of dynamic capabilities on service innovation is positive and significant (β = 0.295, p < 0.01). Thus, H5 is supported. The data of models 6, 9, and 10 indicate that the interaction term of environmental dynamism and dynamic capabilities is negative and significant (β = −0.102, p < 0.05). The explanatory power is also significant (R 2 = 0.49, f 2 = 0.027, F = 4.428). Fig. 5 presents a simple slopes analysis for service innovation growth, which indicates that varying in the high level of environmental dynamism, a low level of dynamic capabilities leads to high service innovation. Thus, H6 is supported.
We conducted a regression analysis to examine the mediating effect of dynamic capabilities [78] . The data from models 2, 7, and 8 show that the dynamic capabilities have mediating roles. We retained all settings for the PLS-SEM algorithm, selected 5,000 bootstrap samples, and selected the complete bootstrapping option. Appendix E shows the results. BDAP and BDAT exert significant effects (t = 1.845, p < 0.05; t = 2.127, p < 0.05) on service innovation, and both indirect effects are significant (t = 2.292, p < 0.05; t = 1.86, p < 0.05); neither of the 95% confidence intervals include zero. We concluded that dynamic capabilities perform partial mediating roles in two relationships (BDAP and service innovation; BDAT and service innovation). We implement the product of values of direct and indirect effects to examine the type of this partial mediation further. Given a positive product value (0.228×0.162 = 0.037; 0.199 × 0.094 = 0.019), we concluded that dynamic capabilities represent a complementary mediation of the relationship. In addition, we adopted SPSS Process Procedure 2.13 with the bootstrapping of 5000 samples to test the mediating role and robustness. The results indicate the significant indirect effects of BDAT and BDAP on service innovation via dynamic capabilities (Z = 4.11, p < 0.01; Z = 2.50, p < 0.05). Thus, H7a and H7b are supported. Finally, Stone-Geissler's Q 2 was computed to examine the research model's predictive validity [14] . We applied the cross-validity redundancy approach (omission distance = 8) and gained Q 2 = 0.435 for dynamic capabilities and Q 2 = 0.278 for service innovation. These findings adequately demonstrate the predictive validity of BDAP and BDAT on dynamic capabilities and the predictive validity of BDAP, BDAT, and dynamic capabilities on service innovation, respectively. Table 4 demonstrates the test results. H1, H2, H3, H4a, H4b, H5, H6, H7a, and H7b are supported. Fig. 6 shows the research results of PLS estimation (the data is from models 4, 8, and 10).
VI. DISCUSSIONS AND IMPLICATIONS A. THEORETICAL IMPLICATIONS
This study draws on the dynamic capabilities view to discover the internal influence mechanism between different types of BDAC and service innovation through an empirical study. Digital platform capabilities as a quasi-moderator of the relationships between BDAT/BDAP and dynamic capabilities. Then, we introduce environmental dynamism as a moderator to investigate the effect of dynamic capabilities on service innovation. Finally, we examine the mediating effect of BDAP and BDAT on service innovation. Our research offers the following theoretical contributions.
First, this study enriches the existing empirical studies by assessing the direct and indirect effects of BDAT and BDAP, as two types of BDAC, on service innovation. As firms increasingly rely on big data and related analytics technology to drive performance and innovation, scholars have been calling for additional in-depth research to investigate the influence of BDAC [16] . However, few studies focus on innovation, especially service innovation. Therefore, the current empirical article enriches the relevant literature. Our study contributes to this part of the literature on digitally enabled service innovation and enriches the research perspective on service innovation from the different dimensions of BDAC. Current studies usually regard BDA as an aggregate factor (e.g., BDA technology or usage) [15] , [38] or as a holistic view (e.g., third-order BDAC). However, each type of BDAC has distinct characteristics and effects on firm-level factors. We identify the direct positive effects of BDAT and BDAP on service innovation, thereby addressing the gap in the big datainnovation link. In addition, our empirical results demonstrate that the different dimensions of BDAC are the bases of service innovation, which enriches the resource-based view. The finding also provides evidence of the necessity and requirement of BDAP and BDAT for driving service innovation.
Second, our study responds to the call for examining the interactions among the antecedents of dynamic capabilities by introducing digital platform capabilities as a quasimoderator. Scholars have set a research direction for dynamic capabilities and have emphasized the significance of fully developing the dynamic capabilities view by investigating the interaction among its antecedents, especially the unexplored ones [17] , such as digital platform capabilities. However, only relatively few relevant studies offer empirical evidence. We enrich this part of the literature by identifying the different degrees of coordination of digital platform capabilities with BDAT and BDAP. On the one hand, our study reveals digital platform capabilities' direct and positive role in dynamic capabilities. This finding suggests that digital platform capabilities could act as a new antecedent to dynamic capabilities, filling the gap concerning unexplored antecedents [17] and extends the scope of dynamic capabilities enabler. On the other hand, the current study tests the different interaction effects of digital capabilities with BDAP and BDAT; specifically, digital platform capabilities positively moderate the relationship between BDAT and dynamic capabilities but negatively moderate the same with BDAP. This phenomenon shows that BDAT performs well at a high level of digital platform capabilities, but this high level does not strengthen the relationship between BDAP and dynamic capabilities.
These results may be attributed to the supplementary relationship or the synergism between digital platforms and BDAT/BDAP, which may affect the final benefit outcomes and be conducive to determining the inner mechanism. The positive moderation is ascribed to the fact that BDAT meets the requirement of a high level of digital platform capabilities (collected massive data and information), which guarantees smooth data processing and reduced interruption and downtime. Then, BDAT and digital platform capabilities jointly embody a synergistic effect on developing dynamic capabilities. However, the relation between BDAP and digital platforms tends to be substitutional. When digital platform capabilities rise to a high level, the contribution of BDAP to dynamic capabilities building may diminish. This finding is consistent with the opinion that an increasingly powerful platform does not require excessively many talents and skills to leverage firm dynamic capabilities [13] , [45] . Furthermore, the progressiveness and auto-processing of digital platforms may modify personnel's mode of thinking and work, resulting in their high dependence on historical data and given solutions instead of their own knowledge; ultimately, the contribution to dynamic capabilities is reduced [58] , [59] . Moreover, the excessively complicated unstructured data brought by a high degree of the digital platform may perplex big data analysts because the whole human resource relevant to BDA still stays at a relatively low level and infancy stage with limitations [16] . For instance, at the early stage of digital transformation, design engineers cannot utilize and coordinate with digital platforms and communities with customers or other design participants in the same platform ecosystem [3] . These phenomena show that the development of digital platforms requires managers to focus on the adverse effects and strive to diminish them promptly. Meanwhile, firms have to maintain and strengthen the existing favorable effects purposefully. This result may stimulate researchers' interest in further exploring the mechanism and relationship between digital platforms and human resources related to BDA.
Third, this study responds to the debate on the moderating role of environmental dynamism, that is, the interaction's influence between dynamic capabilities and environmental dynamism on service innovation, by introducing environmental dynamism as a moderator on the basis of the dynamic capabilities view. Prior literature shows different positive and nonlinear moderating roles, but only a few studies investigate the influence of the interaction on service innovation. Our research fills this gap in the dynamic capabilitiesservice innovation link and enriches the literature on dynamic capabilities and service innovation. Our findings demonstrate that environmental dynamism negatively moderates the relationship between dynamic capabilities and service innovation. When environmental dynamism is at a high level, dynamic capabilities perform poorly, and the possibility of enabling the role in service innovation decreases. This finding distinctly differs from that of mainstream literature that indicates a positive moderating effect of environmental dynamism. When a firm's external environment becomes acute and fluctuant, for firm-level innovation, even dynamic capabilities cannot maintain a stable contribution to service innovation because of the drastic, ever-changing environment and customer preference. This result reflects the intensive and dramatic influence of the China-US trade war on Chinese enterprises.
Fourth, the literature examining the mediating role of dynamic capabilities between various types of BDAC, such as BDAT and BDAP, on service innovation is scarce. Few studies explore these roles through empirical data and merely propose research frameworks or method case studies [6] , [15] , which require additional data verification. Hence, our study addresses this gap by introducing dynamic capabilities as a mediator to establish a linkage on the basis of data gathered from Chinese firms. Our results present that dynamic capabilities perform a partially mediating role in the relationship between BDAT and service innovation and in the relationship between BDAP and service innovation, thus further enriching the application range and scenarios of the dynamic capabilities view. With this connection of dynamic capabilities, the relationships between BDAP/BDAT and service innovation become further explicit and spur practitioners to place further attention on dynamic capabilities and then improve the whole competence for resisting uncertain risks.
B. PRACTICAL IMPLICATIONS
This study has several implications for business practitioners. First, practitioners should commit a sustainable investment in developing digital platform capabilities. Digital platform capabilities are an antecedent of dynamic capabilities, which directly affect organizations' dynamic capabilities. Hence, building a digital platform and shaping related capabilities, such as platforms for customers and businesses, will bridge the distance between firms and customers or businesses and will more clearly develop dynamic capabilities as an alternative option, which generally manifests as an abstract concept. Additionally, the absolutely reverse moderating role of digital platform capabilities in the effect of BDAT and BDAP on service innovation seems to contradict, given that organizations decide whether to build or further invest in digital platforms. Nonetheless, consistently investing is worthwhile and farsighted for firms because of the improvement in dynamic capabilities and enhancement of the contribution of BDAT to dynamic capabilities. Personnel's knowledge and capabilities should be upgraded (e.g., equipment with competitive artificial intelligence knowledge, skill, and even AI capabilities). These areas are the future development directions that firms must develop and combat via successful staff training and corresponding knowledge or skills equipment considering their empiricism, dependence, and routinization to digital platforms. Human resources can be arranged to a position with creative requirements in order to acquire additional benefits.
Second, our research results provide executives with an explicit direction to implement BDAC building programs. Our finding demonstrates that BDAT and BDAP perform as a basis in developing dynamic capabilities, which are positively related to service innovation. Firms should focus on investment in technical infrastructure and staff training in the BDA field to improve the efficiency and effectiveness of their dynamic capabilities building. Specifically, the connectivity, compatibility, and modularity of BDA infrastructure should be enhanced to strengthen the flexibility of BDA infrastructure wholly. Regular staff training that focuses on knowledge and skills are required: 1) fundamental internal knowledge or skills related to BDA and how to operate and manage BDA software and hardware and 2) external knowledge related to clear organization plans, functions, existing business trends, and know-how for implementing Third, managers should focus on the BDAC's value delivery mechanism and take targeted strategies to adapt to environmental changes. Our results indicate the mediating role of dynamic capabilities during the value delivery process and highlights how BDAT, BDAP, and digital platform capabilities can be leveraged as a source of service innovation. Managers should consider dynamic capabilities building by investing in antecedents because doing so will significantly contribute to service innovation improvement if the environment is in a proper situation (the literature shows that the result of dynamic capabilities should be in a proper range). Meanwhile, the monitoring of current industrial and business environments becomes particularly crucial for firms. At a high level of the dynamic environment, the innovation risk increases, and managers should adopt the conservative developing plan and moderately decrease blind or bold investment or projects related to innovation. In a low-dynamism environment, key decision-makers should put more attention to the fist-mover advantages and increase investment in human resources and infrastructure related to BDA and digital platforms.
VII. LIMITATIONS AND DIRECTIONS FOR FUTURE RESEARCH
This study has the following limitations: First, the size of this investigation sample is relatively small, and the sample range is relatively narrow. Future research should be increased for enhanced statistical power and resulting generality by expanding the effective quantity and range, such as by gathering more than 250 samples from different countries. Second, the survey is not based on a pairwise design. Future studies can design a paired questionnaire survey wherein BDAT, BDAP, and digital platform capabilities are assessed by IS or IT managers and dynamic capabilities, service innovation, and environmental dynamism are evaluated by CEOs to solve the problem of social desirability. Third, the measurement in the questionnaire belongs to cross-sectional data that cannot solve the temporal lag problem with causality. The dynamic process research model, combined with financial and operational data, can be developed in future research design.
Future research directions are as follows: First, researchers should focus on the moderating roles of other factors, such as organization technical orientation. Firms with high-level technical orientation require a high quantity and quality of BDA resources and investment for developing dynamic capabilities. Therefore, the fit between BDAT/BDAP and technical orientation should be examined. Second, additional intermediate variables, such as organization improvising competence, customer agility, and knowledge management capabilities, can be investigated. Firms in different industries require various aspects of capabilities to enable service innovation. For instance, manufacturers can rely on improvising competence to produce different types of products. Knowledge-intensive industries may rely on knowledge management capabilities to integrate an organization's existing knowledge and skills into service delivery. The entertainment industry may rely on customer agility to create innovative service in the market. Third, future research should focus on the relationship between several specific capabilities relevant to BDA (e.g., BDA decision capabilities) or artificial intelligence (e.g., AI capabilities) and examine their relationship with dynamic capabilities, service innovation, and value creation. These studies may enrich the literature in the digital innovation area and deliver novel perspectives to leverage big data resources. Correspondingly, these topics are also significant and proactive strategic issues for organization development and business competition in the future. Finally, digital innovation or digital service innovation should be regarded as the outcome of BDAC because they may support organizations in extracting additional value from BDA resources; moreover, related literature in the private sector is scared [80], [81] .
VIII. CONCLUSION
This study draws on the dynamic capabilities view to conduct an integrated analysis of BDAP, BDAT, digital platform capabilities, and service innovation. Specifically, digital platform capabilities are observed as an antecedent of dynamic capabilities and a quasi-moderator of the BDAT-digital platform capabilities and BDAP-digital platform capabilities relationships. These findings respond to the call for research on the interaction of dynamic capabilities' antecedents. Moreover, digital platform capabilities positively moderate the relationship between BDAT and dynamic capabilities, thereby emphasizing the fit and coordination of BDA infrastructure and digital platform. By contrast, digital platform capabilities negatively moderate the relationship between BDAP and dynamic capabilities; this result reminds managers to note the personnel overdependence on digital platform functions, eliminate stagnation, and upgrade knowledge and skills. Moreover, this study investigates the negative moderating VOLUME 8, 2020 role of environmental dynamism between dynamic capabilities and service innovation. The findings remind firms of the risk of performing service innovation in uncertain environments. Our results also show that dynamic capabilities partially mediate the effects of BDAT (BDAP) on service innovation. These findings advance and enrich the literature on the BDA value chain, dynamic capabilities linkage, digital platform construction, and service innovation enablers.
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